A plausible mechanism for gene correction by chimeric oligonucleotides.
Self-complementary chimeric oligonucleotides that consist of DNA and 2'-O-methyl RNA nucleotides arranged in a double-hairpin configuration can elicit a point mutation when targeted to a gene sequence. We have used a series of structurally diverse chimeric oligonucleotides to correct a mutant neomycin phosphotransferase gene in a human cell-free extract. Analysis of structure-activity relationships demonstrates that the DNA strand of the chimeric oligonucleotide acts as a template for high-fidelity gene correction when one of its bases is mismatched to the targeted gene. By contrast, the chimeric strand of the oligonucleotide does not function as a template for gene repair. Instead, it appears to augment the frequency of gene correction by facilitating complex formation with the target. In the presence of RecA protein, each strand of a chimeric oligonucleotide can hybridize with double-stranded DNA to form a complement-stabilized D-loop. This reaction, which may take place by reciprocal four-strand exchange, is not observed with oligonucleotides that lack 2'-O-methyl RNA segments. Preliminary sequencing data suggest that complement-stabilized D-loops may be weakly mutagenic. If so, a low level of random mutagenesis in the vicinity of the chimera binding site may accompany gene repair.